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ENHANCING PROTEIN THERMOSTABILITY 



BACKGROUND 

Thermostability of proteins, especially enzymes, is very important in industrial 
5 applications that involve high temperature processes. Three generic approaches have been taken 
to make proteins more stable under high temperature conditions: (1) screening naturally- 
occurring proteins with thermostable properties; (2) using molecular biology techniques to 
modify, and thus improve the thermostability of, natural proteins; and (3) employing additives to 
protect proteins from high temperatures. 

10 SUMMARY 

The present invention relates to a method of enhancing protein thermostability. The 
method includes mixing a solution of a thermolabile protein (e.g., an enzyme) with a liquor 
waste, and drying the mixture. Examples of a liquor waste include a crop liquor waste such as a 
white liquor waste (e.g., a sorghum liquor waste). The liquor waste, preferably distilled, may be 

15 dried before being mixed with a protein solution. 

Also within the scope of this invention is a composition containing a thermolabile protein 
admixed with a liquor waste. The protein in such a composition has enhanced thermostability. 
In other words, as a result of its interactions with the liquor waste, the protein becomes more 
stable at high temperatures. 

20 The present invention provides an easy, safe, and low-cost method for enhancing protein 

thermostability. The details of one or more embodiments of the invention are set forth in the 
accompanying description below. Other features, objects, and advantages of the invention will 
be apparent from the description, and from the claims. 

DETAILED DESCRIPTION 

25 This invention is based on the discovery that a liquor waste can be used to improve 

protein thermostability. Specifically, when a protein solution is completely mixed with a liquor 
waste to homogeneity, the stability of the protein is increased. 
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The liquor waste may be distilled (e.g., doubly distilled). It can be dried (e.g., at 60°C for 
24 h) and grounded and sieved (e.g., with a net of 0.64-cm mesh) before it is mixed with a 
protein solution. 

The thermolabile protein can be a heat-sensitive enzyme, or any other heat-sensitive 
5 protein. The optimal ratio (v/w) at which a protein solution is mixed with a liquor waste can be 
determined according to the methods described in the examples below or by any other applicable 
methods. 

The protein-liquor waste mixture can be dried (e.g., at 50°C) to facilitate transportation 
and long-term storage. The drying temperature varies from protein to protein, depending on the 
10 thermostability of the protein. 

Unexpectedly a thermolabile protein is more stable at high temperatures in a protein- 
liquor waste composition described above. For example, when a phytase solution is mixed with 
a dried sorghum liquor waste at a ratio of 1 : 10 (v/w), more than 90% of the phytase activity 
remains after treatment at 60°C for 30 min. By contrast, all activity is lost for phytase treated in 
15 the same manner in the absence of a sorghum liquor waste. Furthermore, the phytase activity 
remains after long-term storage (e.g., 180 days) at room temperature. 

The present invention is very useful in industrial applications that involve high 
temperature processes, for instance, the pelleting procedure routinely used in the feed, food, and 
pharmaceutical industry. With improved thermostability, a protein is able to retain its activity at 
20 high processing temperatures. 

As shown in the examples below, a sorghum liquor waste can be used to improve the 
thermostability of phytase, cellulase and ot-Amylase. As the sorghum liquor waste is generally 
regarded as safe and can be obtained on a large scale at low costs, the method and composition 
of this invention are particularly useful in the feed and food industry in which these three 
25 enzymes are major additives. 

The specific examples below are to be construed as merely illustrative, and not limitative 
of the remainder of the disclosure in any way whatsoever. Without further elaboration, it is 
believed that one skilled in the art can, based on the description herein, utilize the present 
invention to its fullest extent. All publications recited herein are hereby incorporated by 
30 reference in their entirety. 
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EXAMPLES 

Example 1 Increasing Phytase Thermostability with Sorghum Liquor Waste 

A sorghum liquor waste was prepared as the remains after two distillations of 
fermented sorghum. The major composition of a sorghum liquor waste was crude starch (10- 
5 1 3%), crude proteins (14-22%), crude lipids (4-7%), crude fibers (17-21%), lipids (20%), and 
ash (4-46%). The sorghum liquor waste was dried at 60°C for 24 h, then grounded and sieved 
with a net of 0.64-cm mesh before use. 

Phytase was extracted from 1 g BASF Natuphos powder (5,000 U/g) using 4 ml 100 
mM sodium acetate buffer (pH 5.0). Phytase solution (c.a. 1250 U/ml) was obtained by 

10 collecting the supernatant after centrifugation at 12,400 g for 10 min. One ml of phytase 
solution was added into 1-10 g sorghum liquor waste and mixed completely. The phytase- 
sorghum liquor waste mixtures were dried in an oven at 50°C for 1 h. After drying, the 
phytase-sorghum liquor waste mixtures were incubated at 37, 50, 60, 70, 80, or 90°C for 30 
min. The phytase-sorghum liquor waste mixtures were then extracted with a 100 mM acetate 

15 buffer (pH 5.0). Phytase activity was assayed according to Bae et al. (1999) J. Microbiol. 

Methods 39: 17-22, and the absorbance at 700 nm was recorded. One unit of phytase activity 
was defined as the amount of activity that releases 1 jamol of phosphate per minute at 37°C. 

In the absence of the sorghum liquor waste, about 75% and 40% of the phytase 
activity remained after 30 min of treatment at 50 and 55°C, respectively. No phytase activity 

20 was detected after exposure to 60°C for 30 min. Unexpectedly, when phytase was mixed with 
the sorghum liquor waste at a ratio of 1 :2 (v/w), about 90% of the phytase activity remained 
after the 55°C treatment, and 70% activity remained after the 60°C treatment. When phytase 
was mixed with the sorghum liquor waste at a ratio of 1 : 10 (v/w), more than 90% of phytase 
activity remained after the treatment at 50, 60 or 70°C, 55% of activity was detected at 80°C, 

25 and over 20% of activity was recovered at 90°C. 

Example 2 Increasing Cellulase Thermostability with Sorghum Liquor Waste 

A sorghum liquor waste was prepared following the procedure described in Example 

1. 

30 Cellulase was purchased from Sigma Chemical Company (St. Lois, MO, USA; C- 

1 184). A cellulase solution (c.a. 20 U/ml) was obtained by dissolving 450 mg cellulase in 10 
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ml of 50 mM sodium citrate (pH 4.8). One ml of the cellulase solution was added into 1 or 10 
g sorghum liquor waste and mixed completely. The cellulase-sorghum liquor waste mixtures 
were dried in an oven at 50°C for 1 h. After drying, the cellulase-sorghum liquor waste 
mixtures were incubated at 37, 50, 60, 70, 80, or 90°C for 30 min. The cellulase-sorghum 
5 liquor waste mixtures were then extracted with a 50 mM sodium citrate buffer (pH 4.8). 

Cellulase activity was determined by measuring the amount of reducing sugars released from 
0.5% carboxymethylcellulose in a 50 mM sodium citrate buffer (pH 4.8) using the 
dinitrosalicylic acid method (Wood and Bhat (1988) Methods in Enzymology 160: 87-143). 
A standard curve was generated using glucose as the standard at pH 4.8 and 37°C. One unit 

10 of cellulase activity was defined as the amount of activity that produces 1 |nmol of reducing 
sugars per min at 37°C. 

More than 95% of the cellulase activity remained after 30 min of treatment at 50, 60 or 
70 °C in the absence of the sorghum liquor waste. Only 20% of the activity left after 
treatment at 80°C for 30 min, and no cellulase activity was detected after exposure to 90°C for 

15 30 min. Unexpectedly, when cellulase was mixed with the sorghum liquor waste at a ratio of 
1:10 (v/w), almost no activity was lost after 30 min treatment at 50, 60, 70 or 80°C. More 
than 80% of the cellulase activity remained after the 90°C treatment, and 70% activity 
remained even after treatment at 100°C. 

20 Example 3 Increasing q-Amylase Thermostability with Sorghum Liquor Waste 

A sorghum liquor waste was prepared following the procedure described in Example 

1. 

a-Amylase (1,000 U/ml) was purchased from Megazyme International Irland Ltd. 
(Bray Co., Wicklow, Irland; E-ANAAM). One ml of the oc-amylase solution was added into 

25 10 g sorghum liquor waste and mixed completely. The a-amylase-sorghum liquor waste 

mixtures were dried in an oven at 50°C for 1 h. After drying, the a-amylase-sorghum liquor 
waste mixtures were incubated at 37, 50, 60, 70, 80, or 90°C for 10 min. The a-amylase- 
sorghum liquor waste mixtures were then extracted with a 60 mM phosphate buffer (pH 7.0). 
a-amylase activity was determined by measuring the amount of reducing sugars released from 

30 0.7% starch (Sigma) in a 60 mM phosphate buffer (pH 7.0). 0.2 ml reaction mixture 

containing the enzyme and the substrate in the buffer system was incubated at 37°C for 10 
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min. The reaction was terminated by adding 0.1 ml of stop solution (25% K 2 C0 3 and 5% 
Na 2 S203) and 0.1 ml of 0.3% (w/v) 3,6-dinitrophthalic acid. The reaction mixture was boiled 
for 10 min before the absorbance was measured at 450 nm. One unit of a-amylase was 
defined as the amount of activity that produces 1 (imol of reducing sugars per min at 37°C. 
5 In the absence of the sorghum liquor waste, about 90% of the a-amylase activity 

remained after 10 min of treatment at 50°C, and all activity was lost at 60°C. Unexpectedly, 
when a-amylase was mixed with the sorghum liquor waste at a ratio of 1 : 10 (v/w), almost no 
activity was lost after 10 min treatment at 50°C. There was about 60% of activity remained after 
the 60 or 70°C treatment. Little activity was detected after the 80°C treatment. 

10 

OTHER EMBODIMENTS 

All of the features disclosed in this specification may be combined in any combination. 
Each feature disclosed in this specification may be replaced by an alternative feature serving the 
same, equivalent, or similar purpose. Thus, unless expressly stated otherwise, each feature 
15 disclosed is only an example of a generic series of equivalent or similar features. 

From the above description, one skilled in the art can easily ascertain the essential 
characteristics of the present invention, and without departing from the spirit and scope thereof, 
can make various changes and modifications of the invention to adapt it to various usages and 
conditions. Thus, other embodiments are also within the scope of the following claims. 
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